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Executive Summary

Accelerated eutrophication is of concern in most of the
twenty eight lakes studied in this preliminary investigation
in Kosciusko County. Many lakes in the county are grouped
together in chains which link many of the water quality
characteristics of each lake chain.

The three main watershed activities that impact the
lakes studied are as follows:

1. Agricultural - The amount of highly erodible land in
2ach watershed indicates the potential for high s o
nutrient inputs £from these areaz, if 5 agem
practices are not being utilized. Als u
confined feeding operations are contr
not properly designed or managed.

2. Develepment activity - Both residential and commercial
activity is contributing sediments and nutrients when no or
incomplete erosion control methods are being used in design
and construction. The use of ncn-agricultural erosion
control practices needs to be thoroughly implemented by many
governmental agencies and individual developers. Alternative
methods of sewage treatment for septic systems in areas of
highly porous scils and/or high ground water need to be

implemented.

3. Sewage Treatment Plants - Several public and semi-public
treatment plants need to be upgraded. This will reguire both
increased financial support and improved meonitoring of these
facilities.

This study ides fied four priority watersheds that have
critical and soclvab problems.

1. Wyland Ditch W rshed on Wi large
sandbar at the mouth of the ditch dge of the
public beach shouzld be removed. veral TESIEL
practices in the watershed could duce the
sediment and nutrient inflow intn e.
—27Stonebruner-Putney Ditch Watey ittle Bar
The sandbar in the lake and the se the filia
channel should be removed. Erocsio practices
possible wetland conztruction woul ry benefil
Little Barbee, improvement w impact =e
other lakes in the rbee and Tippecano hains.

2. Pike and Little Pike Lakes and the Deeds Creek Watershed

- There are several factors in this large watershed such as
Plerceton's £.T.P., animal waste from feedlots, and
development activity on the east side of Warsaw that all
contribute to the water gquality problems of Pike and Little
Pike Lakes.

4. Ridinger Lake and its watershed of Shanton and Elder
Ditches - Ridinger Lake had the highest phosphate level of
the Barbee chain. This lakes buffers the impact of watershed .

activity in both Whitley and Kosciusko Counties from th
entire Barbee Chain and Tippecanoe Lake. Therefore, its
improvement would benefit many lakes.
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ObJectives of Study

The lakes of Kosciusko County are located in two
separate watershed basins. The northeastern portion of the
county is in the St. Joseph River Basin draining into Lake
Michigan. Only three lakes, Dewart, Syracuse, and Wawasee,
included in this study are in this basin. The remaining
twenty five lakes of this study are in the Tippecanoe River
Basin. One unique feature of many of these lakes are that
several lakes are grouped together in chains. The Tippecanoce
Lake chain consisting of twelve lakes in two main branches.,
Both the Webster Lake chain and the Barbee chain contribute
about egual amounts of water inflow into Tippecanoe Lake.

The Yellow Creek chain of four lakes is found in the
southwestern portion of the county. The Deeds Creek
watershed containing Big Chapman, Little Chapman, Little
Pike, and Pike lakes is located east of Warsaw. The small
lakes of Sellers and Serburn are at the headwaters of the
Wyland Ditch which flows into Winona Lake. The outflow of
Wawasee enters Syracuse lake. Caldwell Lake is in the Slone-
Adams watershed which flows into Palestine Lake. The single
lake watersheds of Carr, Silver, Dewart, and Hoffman were
also studied.

Various land use activities were analyzed for their
impacts on the water quality the Kosciusko County lakes. The
types of activity looked at most closely were agriculture,
residential and commercial construction, sewage treatment
plants, and lake residential development. The changes in
iake water qguality over the past several years was compared
using both phosphate and secchi disk data.

Agriculture

Of the 355,200 acres in Kosciusko County approximately
80 percent is in farms. Cropland dominates the agricultural
use with 75% and pasture and woodlands contributing equal
hares of the remaining 25%. 1In an effort to identi
oblem areas. The amount of highly erodible land was
‘termined from the so0ils maps £rom the Kosciusko County soil
survey. This information is on Table 1 and the percent H.E.L.
is compared on Figure 1. The highly ercdible land varies
from a high of 70% in the Slone-Adams watershed of Palestine
Lake to a low of 2.3% in the Hoffman Lake watershed. The
higher values indicate areas of concern, but if the farm is
using current best management practices to prevent soil
erosion these need not contribute significant sediments and
nutrients to the lakes. Becauses of the extremely low
rainfall during the summer of 1988, erosion problems were not
detected in the water quality of the inflows. The longer
term data obtained from previous monitoring of the Barbee
Lake Chain, shown on Figure 2, is an indicator of the
nutrient Input that effect the lakes. Other studies such as
the Black Creek project in Allen County and the Skinner Lake
project in Noble County demonstrate that highly erodible
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soils can be farmed with the proper land treatment measures
to produce the double benefit of maintaining the productivity
of the soil and preventing sediment and nutrient problems
down stream.

The trend to produce animals in confined feedlots has
the potential for significant bacterial and nutrient input
into the lakes if these operation are not properly designed
and managed. The Indiana Department of Environmental Manage-
ment lists 172 animal operations large enough to require a
permit in Kosciusko County. Only 70 of these animal
operations have been inspected to determine if the facilities

are adequate. It is unknown how many of these farmers are
adequately managing their operation to prevent pollution into
the ditches and ultimately the lakes. From some samples

taken in the Deeds Creek, Silver Lake, and Yellow Creek Lake
Watersheds it is obvious that some animal operations are
contributing to poor water guality.

Through better monitoring by the IDEM or local health
department, some farmers should be required to improve their
management. Also the Kosciusko County Soil and Water
Conservation District needs to provide additional aszsistance
to upgrading certain critical operations. The establishment
of buffer strips on some ditches next to these feedlots would
reduce the impact of the runoff on water guality.

Drainage is a factor related to the water guality in the
inflows. Stream channels often become sediment reservoirs
for eroded upland soil. Also unstable banks will contribute
to in stream erosion. Therefcre the creation of sediments
basins or new wetlands can provide protection for the water
tesources of the county. 1If these techniques can be used to
improve water gquality, it should be obvious that certain
natural wetlands should not be drained or filled for the same
reason. The design of ditches with the maintenance of geod
water quality as part of the design teria will have the

cri
double benefit of lower maintenance costs and bhetter. water
c1ig ) b
A R 4

Non-Agricultural Erosion

Many construction activities can contribute large
amounts of sediments to off site locations such as the
ditches and lakes. Both commercial and residential develop-
ment need to practice erosion control methods during
construction. The development should be cdesigned to reduce
Off site runoff problems.

The Stonehenge golf course and residential development
iz a good example of how a development without the proper
eroszion control design can create problems both for
themselves and property downstream. The rapidly increasing
sancbar at the mouth of the Wyland Ditch in Winona Lake is
partially the result of poor design at Stonehenge.

The development east of Warsaw in the Pike Lake water—
shed has created sediments problems for Pike. Erosion during
commercial development and infringement on wetlands that have



filtered the sediments and nutrients, and have also buffered
the surge of storm water runoff into Pike Lake needs to be
carefully monitored.

Local plan commissions need to include design criteria
in their ordinances that minimize erosion at the site of new
development. The non-agricultural technicians employed by
the Indiana Department of Natural Resources with T by 2000
funds need precise training on erosion control methods that
should be used in the development of residential
subdivisions, industrial parks and other commercial
developments 50 that they can better assist planners and
developers alike. It is much cheaper to prevent these types
of erosion problems from happening than it is to try to
correct the problems once the buildings, parking lots, and
roads are in place.

Sewage Treatment Plants

There are several public and semi-public sewage
treatment plants that drain their effluent into ditches that

flow into some the Kosciusko lakes. The municipal sewage of
North Webster, Pierceton, and Silver Lake all ultimately
enter lakes down stream. Therefore it is imperative that

these towns manage their sewage in the most efficient way.
North Webster is now treating the sewage from Epworth
Forest (North Shore Public Utility). In the 1970's this was
not the case. The effluent from Epwcrth Forest then entered
Webster Lake. Since the connection to North Webster's
Z.T7.P., it iz interesting to note that on Figure 5 the
clarity of water in Webster Lake has increased the same
amount that the clarity of James Lake has declined over the
past ten years. The effluent from Epworth Forest, under
normal conditions, now f£lows through the North Webster's
S.T.P. and into James Lake by the way of the Tippecanoe
River. A1l five of the 1ift stations of Nerth Shore Public
Utilities' overflows discharge into Webster Lake. This can
r

still ¢ pollution problems for Webster Lake during storm
event

3
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use
r eguipment failure.

ierceton's sewage treatment plant has been in non-
compliance with its NPDES permit for so long that the IDEM
has brought legal action against the town for viclations of
thelr permit. These excess nutrients that Pierceton is
dumping into Deeds Creek end up in Pike Lake.

The town of Silver Lake has very high phosphate levels
flowing from their drains into Silver Lake. Enforcement
proceedings in progress against the town indicates that they
must be in compliance by December of 1989. Silver Lake
received funding from the State of Indiana in the £fall of
1988 to improve their sewage treatment.

The Yogi Bear Campground on Ridinger Lake has its own
treatment plant. The plant has no phosphate limits in its
NPDES permit, but does not appear to be adding significant
amounts phosphate to Grassy Creek. The elevated levels of
phosphate in Grassy Creek, Figure 2, are coming from internal

s
P
i



loading in Rldlnger Lake, Flgure 6, or from the Elder Ditch
(Grassy Creek) in Whitley County.

Kosciusko County has several mobile home parks that
operate semi-public sewage treatment plants. The majority of
these plants discharge into ditches that flow into the
Tippecanoe River rather than into a county lake. This is not
the case for Green Acres Mobile Home Park which discharges
into Deeds Creek. Lite Breeze Mobile Home Park wants to
connect to the Plerceton S.T.P., but this would not correct
the pollution problem in Deeds Creek until Pierceton upgrades
their plant. Most of these plants were not in compliance
either due to B.0.D. or suspended solids above their permit
or not analyzing their effluent for their monthly reports to
the Indiana Department of Environmental Management. One
mobile home park, Westhaven Estates, has not filed a complete
report for seven years. Since these plants are permitted and
monitored by the IDEM, it is time that both the managers of
the mobile park's sewage treatment plants and the IDEM
improve their performance.

Lake Residential

The development around most of the counties' lakes is
extensive. Many times seasonal cottages were placed on small
lots with scils that do a poor job of supporting a properly
functioning leach field. Many of these seasonal cottages
have been converted to year around homes. This increased us
places additional stress on many marginal septic systems. A
study on the Alternative Waste Systems for Rural Lake

Projects in uben County reached the following conclusions.
Most of the rates and phosphates fronm septic tank
effluents lakes will reach the lake. This is
particular ue for systems in porous soil and in locations
with high @ water. Since the lake residential
conditions osciusko are almest identical to Steuben
County, the ritical aresa of high s0il porosity and a high
ground water table should consider alternative septic systems
such as off site cluster systems and mounds.

Lawn fertilization should be limited and done with care.
The leaves and grass clipping should not be raked or dumped
into the lake. These factors all contribute nutrients to the

3

lake. It does not make any difference to the algae or weeds
where they get the nutrientz to grow.



Watershed Acreage and Percent Highly Erodible Land

Lake Ditch Drainage H.E.L.
Acreage
Palestine
Williamson 6300 1253
Slone-Adams 3910 2738
Cauffman 7120 1714
Magee 1700 398
Total 19030 6103
Winona
Peterson 7026 2305
Keefer-Evans 2919 678
Wyland 8785 3479
Total 18730 6462

Big & Little Chapman
Crooked Creek
Levi Tenney
William Gillion

Shroyer
Total 3242 744
Pike
Deeds 21730 7676
Beyer 1675 168
Total 23405 7844
Ridinger
Shanton 4900 1426
Whitley Co. 13426
Big Barbee
Grassy Creek 10974 3870
Total 24400
Little Barbee
Stonebruner-Putney 2641 714
Total
Irish
Little Barbee
Sechrist
Sawmill
Irish
Sechrist
Tippecanoe
Hanna B. Walker 574 189
Total

Table 1

% HEL

32.8
23.2
39.6
34.5

22.9

35.3

10.0

33.5

29.1

35.3

27.0

32.9



watershed Acreage and Percent Highly Erodlible Land

Lake Ditch Drainage H
Acreage

Backwaters

Tippecanoe River
Webster

Total 17000
James

Tippecanoe River

Kuhn (600N) 1638
Wawasee

Turkey Creek

Dillion Creek

Papakeechie
Syracuse

Wawasee
Beaver Dam

Eaton 800
Diamond

Michaels

Southeast
Yellow Creek

Yellow Creek

Outflow of Diamond

Total 6042
Dewart

Westlake Fetters 2100
Hoffman

Wolf Arm 700W

Easterday

Total 4500
Silver

Funk 1467

N. edge Town

W. of 14&15
Hill
Carr

200w

Center

Storm Drains
Sellers
Serburn Table 1 (cont,)

.E.L.

1045

103

717

% HEL

15.8

25.1



Lake Size, Trophlc Class, and Total Phorphorus

Lake Size Trophic Total Phosphorus mg/1l
(Acres) Class 1975 1983 1988
Beaver Dam 146 3 0.85 0.16
Diamond 0.23
Hill 66 2 0.12
Yellow Creek 151 3 0.09 0.12
Ridinger 136 2 0.05 0.55
Kuhn 137 2 0.01 0.07 0.14
Big Barbee 304 2 0.05 0.09 0.14
Little Barbee 74 3 0.08 0.08 0.12
Irish 182 2 0.05 0.07 0.03
Sechrist 105 1 0.02 0.07 0.14
Sawmill 36 2 0.01 0.07 0.12
Backwaters 0.19
Webster 774 2 0.06 0.07
James 282 2 0.04 0.06
1982
Tippecanoe 768 1 0.05 0.04 0.04
Oswego 41 2 C.04 0.06
Wawasee 3060 1 0.04 0.01
Syracuse 414 1 0.01 0.06
Dewart 551 2 0.03 0.06
Palestine 232 3 0.91 0.31
Silver 102 z) 0.34
Carr 79 3 0.14

Table 2



Lake Size, Trophlic Class, and Total Phorphorus

Lake Size Trophic Total Phosphorus mg/1
(Acres) Class 1975 1983 1988
Big Chapman 581 1 0.01 0.07
Little Chapman 177 2 0.03 0.06
Pike 203 2 0.09 0.12 0.27
Little Pike 25 2 0.09 0.14
Center 120 2 0.04 0.06
1985
Winona 562 2 0.13 0.03 0.03
Hoffman 180 2 0.05 0.07
Sellers 1.15
Serburn 0.25

Table 2 (cont,)



LaKe Secchi Disk, Eutrophication Index, and Number of Homes

Lake

Beaver Dam
Diamond
Hill
Yellow Creek
Ridinger
Kuhn

Big Barbee
Little Barbee
Irish
Sechrist
Sawmill
Backwaters
Webster
James
Tippecanoe
Oswego
Wawasee
Syracuse
Dewart
Palestine
Silver

Carr

Secchi Disk
1983

1975

4

Table 3

1988

2.

[y

2

5

Eutrophic
Index

55

67
58
15
38
56
45
24

315

12
33

16

51

50

Homes
1980

173

54



LaKe Secchl Dlsk, Eutrophication Index, and Number of Homes

Lake

Big Chapman
Little Chapman
Pike

Little Pike
Center

Winona

Hoffman
Sellers

Serburn

Secchi Disk
1975

10

7
1985

Table 3 (cont.)

1988

Eutrophic
Index
18
25
45
31
31
40

23

Homes
1980

346

108

10

243



Fhosphorus Levels of Inflows

Lake Ditch Total Phosphorus
1988 1988
Palestine June July
Williamson 9.2 0.42
Slone-Adams 0.73 0.64
Cauffman 0.6 0.82
Magee 1.15 0.48
Total
Winona
Peterson 0.14
Keefer-Evans 0.14
Wyland 0.14
Total

Big & Little Chapman
Crooked Creek
Levi Tenney
William Gillion
Shroyer
Total

Pike
Deeds
Beyer
Total

Ridinger
Shanton
Whitley Co.

Big Barbee
Grassy Creek
Total

Little Barbee
Stonebruner-Putney
Total

Irish
Little Barbee

Sechrist

Sawmill
Irish
Sechrist

Tippecanoe
Grassy Creek
Hanna B. Walker
Total

0.12

1988
Aug.
0.22

1985

0.04

0.05

1983 1983 1984 1985 1985

0.04 0.12 0.03 0.09 0.05
0.23 0.05

1982 1983 1984 1985

0.13 0.04 0.06 0.04

Table 4

1986
0.01

1986
0.02

1987
0.06

1987
0.01

1988
0.19



Phosphorus Levels of Inflows

Lake Ditch Total Phosphorus mg/1l
1988 1988 1988
Backwaters
Tippecanoe River 0.24
Webster
Total 0.18
James
Tippecanocs 0.07 0.11
Kuhn (600N) 0.11
Wawasee
Turkey Creek 0.04
Dillion Creek 0.09
Papakeechie 0.01
Syracuse
Wawasee 0.16
Beaver Dam
Eaton 0.24
Diamond
Michaels 0.28 0.2
Southeast 0.01
Yellow Creek
Yellow Creek 0.15
Cutflow of Diamond 0.19 0.13
Total
Dewart
Westlake Fetters 0.07
Hoffman
Wolf Arm 700W 0.08
Easterday 0.02
Total
Silver
Funk 0.19
N. edge Town 1.9
W. of 14&15 2.7
Hill
Carr
200W
Center
Storm Drains
Sellers
Sexrburn Table 4 (cont.)

1985



Winona Lake Watershed
Highly Erodible Land

Acres (Thousands)
o]

. 2_

' \ 3.0 %

Peterson Keefer-Evans Wyland
Ditch

B Total Acresge HEL.

Palestine Lake Watershed
Highly Erodible Land

Acres (Thousan ds)




Pike Lake Watershed
Highly Erodible Land

Acres (Thousands)
26

NE'0.0%

Chapman Watershed Deeds Beyer
Ditch

Bl Total Acreage HE.L,

Tippecanoe Lake Watershed
Highly Erodible Land

Acres (Thousands)
20

Grassy G Stonebruner Kuhn H.B.Walker Tippy River  Ridinger
Ditch
BB Total Acreage W H.E.L.

* undetermined

Figure 1 (cont.)
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Summary and Recommendations

Twenty eight different lakes and their respective
watersheds were studied during the summer of 1988. The
multiple lake chains which closely tie the water quality
characteristics of individual lakes together are unigque
features of a large portion of the Kosciusko County lakes.
This study concentrated on identifying activities in the

watershec of each lake that is contributing to water guality
problems within the lake. Since the Lake Enhancement pFrogram
is part cf the T by 2000 effort, sediment and nutrient
contributo re the most completely analyzed,

With mmer of 1982 being one of driest in Indiana
history, 1 ed scme limits on the type of data that could
be collect pecially the inflow rates of the streams and
Sditches. B s had very little effect on total evaluation
of factors ng water guality problems for the lakes.

Sever es of informaticn was obtained to determine
the magnit the problems being caused by activities in
the variou rsheds cf the county.

It is obvious that agricultural activities make up the
largest percent of the acreage in each watershed, but this
does not mean that in every si tien they are contributing
t st sediments and nutrientsz to the lakesz. The
je tage of s0il types and slopes that constitute hi

12 land (H.E.L.) was calculated from s0il maps £
hed. Also the status of the many animsl feeding
ons was determined. This informaticn indicates
ial for water guality problems caused by agricul
s to m tain ¢or implement best managament prac
0 be c entra 1 on these critical areas
evelopr t activity was found tc be & major cont
iments d nutrients in a couple of the watershe
w go0lf course and associated residentia’ develnp
a2 yland Ditch watershed flowing inte Winona Lake an
commercial developments on the east a2dge of Warsaw wis
Deeds Ditch watershad flewing into Pike Lake are *wo ¢
cbviocus ples.

Sewa treatmen emi-public were
not meeti their NP efore, they
are contr ting-sig z to some the
lakes. The Piercet?d ith itz high
phosphate CORETTBULI® ately Pike
Lake.. Also the town gative
impact on Silver Lak 5. Five
semi-public planis t om mobile
home parks were in v 2 for as
long as seven yearsz. urkett are
dlischarging elevated A the Williamson
Ditch which flows in alesti 11 xdications are
that many septic tanks are draining into the ditch rather
than into leach fields.

There needs to be better ditch design on some ditches
bescause some of the sediment and associated phosphates are



coming from -in—-stream erosion caused by steep side slopes and
poor bank stabilization due to a lack of vegetation. Buffer
strips of grass neeéd to established in some critical areas to
reduce the impact of farming and development activities along
the banks of some ditches and streams.

The lake residential areas that have high ground water
and porous soils need to consider alternative methods of
sewage treatment, such as mounds or cluster systems. The

current trend fvov seasonal to year around use of many lake
homes is placing additional nutrient flow into the ground
water and ultimately the lake in the ahbove menticned critical

11
The overall T by 2000 Program i

= designed to help
correct lake problems that can also b

i

a

revented from
n the watershed.

reoccurring by improved management withi
e of eutrophication or
I
e
-

This cdual approach will reduce the r

aging of the Kosciusko County lakes. t should be ohvious

from this study that many thingsz can be done within th
county without lake enhancement funds fo improve the
management of current and future watershed activities. This

will have the same benefits of slowing down the
eutrophication process as the proposed lake enhancement
projects.

County government such as the Drainage Board, the Plan
Commizsiaons, town councils, the Health Department, and the
Soil and Water Conservation District I need to consider
the impact of theilr activities and de icns on one of the
county's most 1mportart resources, th akes,

zpecifically t India
Envir nt, needz to be 1d mo
respo regulatory actiy ies o
operat sewage treatment plant mplia

I n te the ed to impre the m
technl he areas mentioned above, this
study ified the following specific w
are mo ive to solutionz within the
Lake E; 1t Program.

Wyl ch on Winona Lake - The 1a
mouth of e tch on the south edge of t
should be re ed. At the same time zever
be implement within the shed tc raduce
sediment d nutrient inflow into Wincna Lake
calcula that 26.2% cf the annual total pho
lcading and 49.5% of the total nitregen loadi
Lake came from the Wyland Ditchi__Wetland are
distance upstream from the lake could provide
for improved water gquality if they were inclu

pattern of the Wyland Ditch.

7 Stonebruner-Putney Ditch on Little Barbee - Thé (;égg

in the lake and.gediment from the filled channel! showids
b :

removed. Erosion control practices and possible’wetland
construction would prove very beneficial to this Watershed.
This improvement would also reduce the nutrient input to

several lakes in the Barbee and Tippecance chains in addition




to Little Barbee,

Pike and Little Pike Lakes and their large watershed of
Deeds Creek - There are several factors contributing to the
water quality problems of Pike and Little Pike Lakes. There
are large nutrient 1nputa from Plerceton s _Sewage 1
Plant, and ani
map. The" ‘commerdéial’ development on the east side of Warsaw
is rreating Tricteased Tunoff of poor guality. Some of this
development is 1hfrin ging nd"'fhat had buffered Pike
from storm sur tha* car ard nutrients. _The /

730 aCIE/Wate shed o{”jee its 25.2% highly >

ao¢1 “Figure 1, can aﬁso conhwaute significant
r

FD

~7

“of Sedlme“_a and nutrient to Pike and Little Pike
Lakes 1f not properly maraged.
Ridinger Lake and Shanton and Elder

itches - Ridingexr Lake phate v of

he Barbee Lake Chain. 55 mg/ 1
. phosphorus, Figure inputs the
{’Shanton and Elder cading ither
EE hese nut ¥ b tr tream
| £o the Barb mately Tippecanoe Lake.
/| Therefore, gement of this watershed would
{ also assure ty to the many lakes downstream
\ az well as er L: e .
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